To investigate the effects of dietary charcoal powder including wood vinegar compounds (4: 1, CWVC) on the intestinal villus morphology, 130-d-old male Single Comb White Leghorn chickens were randomly allotted into 0, 1, 3 and 5% dietary CWVC groups of each 8 bird. Four rations were formulated by addition of each level of CWVC (CP: 2.5%) to commercial layer finisher mash diet (CP: 14.5%, ME: 2,803 kcal/kg), and fed ad libitum for 28d. During the feeding experimental period, feed intake and body weight gain were measured. After the end of feeding experiments, 4 birds were randomly selected per each group, and intestinal villus height, epithelial cell area and cell mitosis in each intestinal segment were compared using a light microscope. Besides, the morphological change of villus tip surface was observed using a scanning electron microscope.
and in broiler hatchability (Sakaida et al., 1987b Four birds randomly selected per each group were killed by decapitation under light anesthesia with diethyl ether at the end of the experiment. All experimental treatments were performed according to the humane care guidelines provided by the Faculty of Agriculture of Kagawa University. Whole small intestine was removed immediately and put into a mixture of 3% glutaraldehyde and 4% paraformaldehyde fixative solution in 0.1M cacodylate buffer (pH7.4).
The same fixative solution was also injected into the intestinal lumen. The intestinal part from the ventriculus to pancreatic and bile ducts was recognized as the duodenum; jejunum from the ducts to Meckel's diverticulum and; ileum from the diverticulum to ileo-cecal-colonic junction. Middle part of each segment was taken as tissue samples. Light microscopic examination A 1-cm length of each intestinal segment for light microscopic observation was fixed with Bouin's solution, prepared for paraplast embedding, cut at 5-um crosssection, and stained with hematoxylin-eosin.
All villus heights having the lamina propria were measured from villus tip to the base excluding the crypt in one transverse section. An average of these values was expressed as a mean villus height per one section. A total of 8 sections were counted from one bird, and an average of 8-villus height per each 8 section was also expressed as a mean villus height for each bird. Finally, these 4 mean villus heights from 4 birds were expressed as a mean villus height for one group.
A single cell area on a 5-um transverse section was measured at the middle part of the villi. At first, the epithelial cell layer was randomly measured, then the number of cell nuclei within this measured epithelial cell layer were counted. Finally, the epithelial cell layer area was divided by the number of cell nuclei to obtain an epithelial cell area. Two cell areas were calculated per one transverse section, and an average of these two values was expressed as a mean cell area per one section. A total of 8 sections were counted from one bird, and an average of 8 cell areas per each 8 section was also expressed as a mean cell area for each bird. Finally, these 4 mean cell areas from 4 birds were expressed as a mean cell area for one group.
As cell mitosis numbers in the proliferative zone (crypt), different stages of karyokinesis from mitotic cell division were counted as described previously (Tarachai and Yamauchi, 2000) : cytoplasmic division having the definite formation of two separate daughter cells, mitotic cells having nuclear division showing chromatids separated in daughter chromatids, mitotic cells having nucleus pulled apart and moved toward the poles of cells, and mitotic cells having the homogenous, intensely stained basophilic nuclei. All cell mitoses of the crypt seen in one transverse section was measured. A total of cell mitosis numbers were counted from 5 different sections for each bird, and these 5 values were used to calculate a mean cell mitosis for one bird. Finally, these 4 mean cell mitoses from 4 birds were expressed as a mean cell mitosis in one group. These values were measured also in each intestinal segment using an image analyzer (Nikon Cosmozone iS, Nikon Co., Tokyo, Japan).
Statistical analysis
The average of villus height, cell area and cell mitosis number of each bird from each treatment group were analyzed across all treatment groups by one-way analysis with a Duncan's multiple range test using Stat View program (Abacus Concepts, Inc., HULINKS, Inc., Tokyo, Japan). Differences at P<0.05 were considered significant. Scanning electron microscopic examination A 2-cm tissue sample of each intestinal segment lying next to the light microscopic examination was transversely cut, slit longitudinally and washed with 0.01M phosphate buffered saline (pH7.4) to remove intestinal contents. Tissue samples were pinned flat to prevent curling within a mixture of 3% glutaraldehyde and 4% paraformaldehyde in 0.1M cacodylate buffer (pH7.4) at room temperature for 1h. Then, samples were cut into 4-x 7-mm squares and fixed for 1h more. After rinsing with 0.1M cacodylate buffer (pH7.4) for 3-4 times, the pieces were postfixed with 1% osmium tetroxide in ice-cold buffer for 2h. Specimens were washed by distilled deionised water and dehydrated in graded ethanol solution. After keeping in the isoamyl acetate, the specimens were dried in a critical point drying machine (Hitachi HCP-1, Hitachi Ltd., Tokyo, 100-8220 Japan) using liquid carbon dioxide as the medium. The dried specimens were placed on aluminum stubs, mounted with electrically conducting cement (silver paste), coated with platinum (RMC-Eiko RE vacuum coater, Eiko Engineering Co., Ltd., Tokyo, Japan) at 100 millitorr under 7 milliamperes for 15min and observed using a scanning electron microscope (Hitachi S-800, Hitachi Ltd., Tokyo, Japan) at 8kV.
Results
Feed intake, body weight gain, and feed conversion ratio Table 3 shows feed intake, body weight gain and feed conversion ratio of chickens fed 0, 1, 3 and 5% dietary CWVC diets. Although the feed intake of each week decreased with increasing feeding period in all groups, it did not show a significant difference among each group after feeding the dietary CWVC. Body weight gain tended to increase at 1% and 3% dietary CWVC but to decrease at 5% level, resulting in the feed conversion ratio being insignificantly improved at 1 and 3% dietary CWVC. Villus height, cell area, and cell mitosis Figure 1 shows alterations of villus height, cell area and cell mitosis number in each intestinal segment of chickens fed 0, 1, 3, and 5% dietary CWVC diets. Villus height did not show a significant difference among each group, although that of the 1% dietary CWVC group tended to be slightly higher than another groups in all intestinal segments. Cell area of the 1% dietary CWVC group had a tendency to be higher in the duodenum and was significantly higher (P<0.05) in the jejunum than that of 0% group, but those of 3 and 5% dietary CWVC groups tended to be clearly lower than 0% group with increasing CWVC levels, resulting in significant decrease (P<0.05) in 5% group in the duodenum and ileum. Cell mitosis showed almost similar phenomenon with the case of cell area except that that of 1% dietary CWVC group was significantly higher (P< 0.05) than 0% group in the duodenum and those of 1 and 3% dietary CWVC groups tended to be higher than 0% group in the jejunum. Alterations of the villus surface The surface morphology of the villus apex in the control duodenum ( Fig.2A ) revealed only a faint cell outline between each epithelial cell due to the cell protuberance, showing a comparatively smooth surface. After feeding 1% dietary CWVC (Fig.2B) , a conspicuous protuberance of each epithelial cell was observed, becoming clearer cell outline and resulting in a rough surface. However, in the case of 3% dietary CWVC (Fig.2C) , such conspicuous cell protuberances disappeared and became faint of cell outline. Cells having no microvilli and deeper cells at the sites of recently exfoliated cells were seen in the exfloliative zone of villus tip (arrows in Fig.   2C ). Furthermore, after feeding 5% dietary CWVC diet a lot of cells having no microvilli and deeper cells due to recently exfoliated cells were found (arrows in Fig.  2D) .
Fundamentally, the villus apex surface in the jejunum (Fig.3) and ileum (Fig.4 ) revealed an almost similar morphological alteration to that in the duodenum except that cells having no microvilli and deeper cells due to recently exfoliated cells were not seen even in 5% dietary CWVC and that the cell protuberances of 1% dietary CWVC (Shamoto et al., 1999; Shamoto and Yamauchi, 2000; Yamauchi et al., 1996; Yamauchi and Tarachai, 2000) . Especially, the present significant increase of cell mitosis numbers in 1% dietary CWVC group might emphasize the activated absorptive function of villi in these birds. This activated cell mitosis correlates well with the results of scanning electron microscopic observations that the clearer cell outline due to conspicuous cell protuberances was appeared on the villus tip. Such a fine structural feature has been also demonstrated to show an activated function of the villi (Shamoto and Yamauchi, 2000; Shamoto et al., 1999; Tarachai and Yamauchi, 2000) . Profitability of activated charcoal was reported in reducing the effects of toxin in diets by adsorbing it and there by preventing its absorption from the intestine (Anjaneyulu et al., 1993) . On the other hand, it was demonstrated that the promoting effect of wood vinegar compounds was induced by not only crude wood vinegar but by its components such as acetic acid, propanoic acid, butanoic acid, dimethylphenol and methoxyphenol (Yoshimura and Hayakawa, 1993; Yoshimura et al., 1995) . The villus morphology was not governed either intraluminal physical stimulation or parenteral alimentation but enteral nutrient absorption (Tarachai and Yamauchi, 2000) . A consideration of these literatures and the present observations leads to the general conclusion that the activated function of the villi might be multiplicatively induced by adsorbing toxic and fungal contamination in diets and there by activating intestinal absorptive function. The activated morphological changes were observed even in the ileum at 1% dietary CWVC, indicating the activated function of the ileal villi. In intact chickens, very little nitrogen absorption was observed beyond the jejunum in chickens (Imondi and Bird, 1965) . The ileum appears to be inactive in absorptive function in intact normal condition (Yamauchi et al., 1995) and rich in intestinal microbial population than in the duodenum and jejunum (Gorden and Pesti, 1971; King and Toskes, 1979; Smith, 1965) . In the ileum, a low population or few species of bacteria may produce the acceleration of the cell migration without the enhancement of cell mitotic activity (Ishikawa et al., 1986) . The acetic acid included in wood vinegar of CWVC (Yoshimura and Hayakawa, 1993; Yoshimura et al., 1995) was reported to control the balance of intestinal microflora and pathogen (Pinheiro et al., 1968; Sorrells and Speck, 1970) . It is not clear whether the activated morphological changes of the ileal villi at the 1% dietary CWVC was direct or indirect effect from the intestinal microflora but these morphological changes suggest that the 1% dietary CWVC might elevate the absorptive function of all intestinal epithelial cells beyond the jejunum. This demonstrates morphologically that the epithelial cells in the ileum also participate in absorptive function in case of need. The increase of hen-day egg production and feed conversion ratio , and hatchability in broilers fed CWVC (Sakaida et al., 1987 b) are thought to be induced by the activated functions of villi in all small intestinal segment parts due to the dietary CWVC.
In conclusion, the present morphological changes of intestinal villi in chickens fed the dietary CWVC diets demonstrate that the villus function could be activated even in the ileum at 1% level, and that such an activated villus function in all small intestinal segment parts might improve the feed conversion ratio. 
